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Summary 

The gene tor the mouse Fas llgand was cloned and 
its chromosomal position determined. Fas/ was tightly 
linked to gtd (no crossovers In 567 metotJc events) on 
mouse chromosome 1 and closely linked with a novel 
member of the same TNF family of Uganda, the Ox40 
llgand (Ox40/, 1 crossover In 567 melottc events). South- 
em blot analysis did not reveal any difference between 
the Fas/ gene from gld and wild-type mice and levels 
of Fasf mRNA transcripts were similar In PMA and to- 
nomyc In Induced wild-type and cotsogenic gld T ceHs. 
Sequence analysis of the gld gene indicated a single 
amino acid change (Phe Leu) In the COOH terminal 
portion of this type II transmembrane protein, and COS 
cells transfected with Fas/ cDNA from gtd mice failed 
to Induce apoptosls of Fas-expressing target cells. 
Thus, the data demonstrate that the gld phenotype Is 
the result of a point mutation In the Fast gene and that 
Fa s/ Is part of a complex of Uganda structurally related 
to TNF mapping within a small region of mouse chro- 
mosome 1. 

Introduction 

Fas is a member of a family of cysteine-rich transmem- 
brane proteins that includes the type I and type fl tumor 
necrosis factor (TNF) receptors, the low affinity nerve 
growth factor receptor. C027, CO30, CO40. 4-1 BB and 
Ox40(Camerinlet at.. 1991;Durkopetal., 1992;ltohetaL, 
1991; Johnson et al.. 1986; K won and Weissman, 1989; 


Loetscher el aL, 1990; Mallet et at, 1990; Schail et at., 
1990; Smith et al.. 1990; Stamenkovic et al., 1989). The 
Fas protein was originally identified by two MAbs (Fas[CH- 
11J and APO-1) that were found to induce apoptosis in 
certain ttanstormed ceB lines expressing Fas in vitro (Itoh 
et al.. 1991; Trauth et al.. 1989). It is also possible that 
the Fas protein may play an important role in the activation 
and proliferation of normal T cells, since treatment of fresh 
peripheral blood T cells with Fas-specific MAb provides 
a potent costimulatory signal (AWerson et al., 1993). 

The fact that mice with defective Fas genes (/pr and far**) 
develop a progressive autoimmune disorder indicates that 
this cett-surtace receptor plays an important biological role 
in vivo (Watanabe-Fukunaga et a!.. 1992). Interestingly, 
the autoimmune syndrome that occurs in mice homozy- 
gous tor the gW gene is remarkably similar to that observed 
in mice homozygous tor the Jpr gene (Cohen and Eisen- 
berg, 1991). However, the gW gene maps to the distal 
portion of mouse chromosome 1 between the At-3 and 
Bam genes (Sekfin et al., 1988; Watson et al.. 1992a). 
whereas the tpr gene maps to mouse chromosome 19 
(Watanabe et al.. 1991; Watson et al., 1992b). These ob- 
servations, together with the results of bone marrow trans- 
plantation studies, suggest that the fcrandgW genes en- 
code an interacting receptor-tigand pair (Allen et al.. 
1 990). This hypothesis is supported by recent studies that 
demonstrate that gjbV$b* mice do not express a functional 
figand for Fas (FasL) upon stimulation with phorbol ester 
and calcium ionophore, whereas wild-type mice and IpcApr 
mice do (Ramsdefl et al.. 1994; and P. Golstein. personal 
communication). 

.Results 

-Cloning of the Mouse Fast Gene 

To determine whether the gld phenotype is due to a struc- 
tural or functional mutation m the Fast gene, mouse Fast 
genes from both wild-type and gki/gid mice were cloned 
using a polymerase chain reaction (PCR)-based strategy 
with primers complementary to base pairs 683-705 and 
839-862 of the rat Fas/sequence (Suda et al., 1 993). PCR 
amplification using a template of cDNA prepared from a 
CDT mouse cytotoxic T lymphocyte (CTi) fine of C57BL/ 
1 0 SnJ origin induced to express Fas/ yielded the predicted 
180 bp product, which was then used to screen a cONA 
library prepared from these CTL. Plaque hybridization of 
approximately 200,000 clones resulted in several positive 
clones, three of which were chosen tor further analysis. 
Clones mFa$l-1. mFa&Z and mFastO contained inserts 
of 1 .7 kb, 1 .6 kb, and 1 .0 kb. respectively . Sequence analy- 
sis of the three clones revealed that the 1.6 kb and 1.0 
kb clones were completer/ contained within the 1.7 kb 
insert, and all three clones shared a common por/adenyta- 
lion site. The nucleotide sequence and predicted amino 
acid sequence of the mouse Fas/ is shown in Figure 1. 
Analysis of the coding region of done mFasM revealed 
a 9 1 % identity with the rat hornotog at trie amino acid level. 
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Summary 

The gene lor the mouse Fas Igand was cloned and 
ru chromosomal position determined- Fas/ was tightly 
Inked to gtd (no crossovers hi 567 melottc events) on 
mouse chromosome 1 and dosety Inked with a novel 
member of the same TNF family of agenda, the Ox40 
Igand (Ox40f, 1 crossover In 567 irtefotic events). South- 
em blot anaf^UcM not re vest any dWerence between 
the Fasf gene from ghS and wild-type mice and levels 
of Fasf mRNA b anacrtpu were sfralar In PtIA and to- 
nonrycki Induced wJk«ypeandcc4sogenteg«Tc*ls. 
Sequence artafysb of the gtd gene Indicated a single 
amino add change (Phe Leu) In the COOH terminal 
portion of true type Mtramn^embrane protein, and COS 
cetts transfecied with Fast cDNA from gfd mice faled 
to Induce epoptosfcs of Fas-expressing target eels* 
Thus, the data demonstrate that the gld phenotype Is 
the result of a point mutation In the Fastgtnt and that 
Fast Is part of a complex of Rg^mds structural related 
to TNF mapping wtthin a small region of mouse chro- 
1. 


Fas is a member of a family of cystane-rich transmem- 
brane proteins that includes the type 1 and type I tumor 
necrosis factor (TNF) receptors,' the low affinity nerve 
growth factor receptor, C0Z7. CO30. CO40, 4-1 BB and 
Ox40(CamerinietaL. 199t;Durtopetal^1992;!tohetaL, 
1991; Johnson et ai. 1986; Kwon and Weissman, 1969; 


Loetscher et aJL, 1990; Mallet et at. 1990; Schal et at. 
1990; Smih et at, 1990; Stamenkovic et at. 1989). The 
Fasprotrmwasorigirt^ 

11] and APO-1) that were found to induce apoptosis in 
certamtrartstenriedcelfi 

et at, 1991; Trauth et at. 1989). lb also possible that 

the Fas protem niay play an «r^ 

aridproWerationofnormalTc^ 

peripheral blood T cees with Fas-spedfe MAb provides 
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portion of mouse chromosome 1 between the At-3 and 
Sam genes (SekSn et at, 1988; Watson et at. 1992a). 
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fWatanabe etaU 1991; Watson et at. 1992b). TTioseot> 
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micedo(Ramsdeletat. 1994; and P. Goistoin. personal 

coramuracanon). 

.Results 

-Cloning of the Mouse Fasf Gene 
To determine whether the oWf^motyf^bduetoastruc- 
tural or hincbonal mutation in the Fasf gene, mouse Fasf 
genes from both wwi-typa and gttfcW mice were cloned 
using a pcrymerase chain reaction (PCR^based strategy 
with rjdmers conmlementary to base pairs 68^-705 and 
839-662 of the rat Fas/seouence(Sudaetat,1993).PCR 
arnpCncation using a tempiate of cONA prepared Irom a 
COT mouse cytctxndcTr^ 
10SnJrjriglnlnducedtoeirpr^ 

180 bp product, which was then used to screen a cONA 
ibrary prepared from these CTU Plaque hytxiolzatton of 
arjrxrjximalery20O,0TO 

clones, three of which were chosen tor ajrther analysis. 

Clones mFesf-f . tnfast-Z and mFas« contained 

c*1.7kb,1.6kb.arvJ1i>kb,respe^^ 

sis of the three clones revealed that the 1.6 kb and 1.0 

kb clones were crjmptetefy contained within the 1.7 kb 

insert end al three clones sh^ 

tion sfte. The itudeotide sequence and precficted amino 

acid sequence of the mouse Fesf Is shown in Figure 1. 

Analysis of the coding region of ck>ne inF^f revealed 
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Figure 1. Nod«otide Sequence and Predicted Ainino Acid Sequence 

The oodontorttie unique cytoplasmic hhtfdin* residue not drtwaed 
in the sequence of mtfesf is indicated with a broken box. The putative 
transmembrane domain is boxed and live potential N-Onked gtycosyta- 
oon sites (N-X^SfT) are indicated by astafisks. 


Interestingly, one difference in the sequence of mouse 
fast when compared with rat Fas/ was the insertion of a 
CAC codon at nucleotide 253. which results in an in-frame 
insertion of a histkfine in the putative "mtracytoplasmJc por- 
tion of the molecule. The nucleotide sequence of the cod- 
ing region of Fast of C3H/HeJ origin was determined to 
be identical with that of 610 origin (data not shown). 
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Figure 2. Chromosomal Mapping of the Fasf Gene in fJCSH/HeJ- 
gkJ x Mus spretus] F1 x OH/HeJ^ Interspecific Backcross Mice 

(A) 8gtIKSgested DNA Indcate an RFU* that distinguishes the C3W 
HeJ-gW parent (CC) bom the (C3H/HeJ-c*f x Mus spretus) Ft parent 

(SQ. 

(B) Haptotype analyses of the Fasf gene demonstrate cosegregation 
with the rjd phenotype on mouse chromosome 1. Gene loci are Isted 
bom proxkrud to distal on the left side. Each ooluran represents a 
possJble haptotype, and the number of mice observed with each hapto- 
type is todtcated at the bottom of the corurnn. The boxes Indicate 
whether the mice were typed as C3H/HeJ-g*/ hornoxygotee(ctoeed)or 
Fl helerazygotos (open) tor each locus. For RFlPtvptngotoaclttrcss 
mice, a 1.0 Kb 3* cOMA probe spanning base pairs 6«3 to 1601 and 
a 5 r probe spanning base poire 1 to 822 were generated by PCR using 
vector preners. Tire retorence penetfc 

1 used tor chromoeomal mapping studies are descrtoedtoBcpenmeo- 
tai Procedures. 

(C) Chfomosomai mapplog of the murine fmsi gene on chrorrx»ome 
1. The distance between each tocus Is Indicated to the righL The best 
gene order was determined by muttOocus linkage anafysts using the 
BAYLOC algorithm (Blanket at. 1988). Obtances between ad)acent 
tod and their standard errors were calculated according to Green 
(1981). 


Chromosomal Mapping of Mouse Fast 

The chromosomal location of the Fas/ gene was deter- 
mined using an interspecific cross flC3H-gto x Mus 
spretus] F1 x C3H-g*/) that had been characterized for 
markers that span each mouse autosome and the X chro- 
mosome. Using the Bglll restriction endonudease. an in- 
formative restriction fragment length porymorphism (RFIP) 
was identified that rjtstingwshed the two parents used in 
this cross (C3HfHe±gkt. 7JS Wr. Mus spretus, 2.1 kb) (Fig. 
ure 2A). Analysis of RFLPs in the backcross panel indi- 
cated that the Fas/ gene mapped to the region of mouse 
chromosome 1 mat contained the gW mutation. In each of 
567 backcross DNA samples from G^phenotype^xjsrtrve 
mice, the homozygous C3H-gfcf pattern indicated that the 
Fas/ locus cosegregated with the gfd phenotype on distal 
mouse chromosome 1 (Figure 2B). Irteresttrtgh/, a novel 
member of the TNF family of figands, the 0x401, has re- 
cently been isolated by expression cloning using an 
Ox40.Fc fusion protein (P. a B., unpublished data), and 
found to map very closely to both the Fas/ and gfd loci (1 
crossover in 567 meiotic events; Figure 28). In addition, 
analysis of YAC clones indicated that the Fas! gene was 
located within an approximately 400 kb segment that con- 
tained the gid mutation as defined by Ranking crossover 
events and that the physical distance separating the Fas/ 
and Ox40l was less than 300 kb (data not shown). Hapto- 


type analysis indicated the knowing distances fin centJ- 
Morgans ± SEM) among lod mapped to this region of 
mouse chromosome 1: (centromere) At~3/Dl$el8 - 0.18 
( ± 0.18 cM) - Ox4O0DI$e/f (VDISetl f- 0. 18 ( ± 0.18 cM) 

- FasVDimiO&D1MM07 -0-88(± 0.39 CM) - 01 Soil 2 

- 0.35 (± 0.25 cM) - SeB/DiMit10d (Figure 2C). 

Structure and Function of Fas/ from gW Mice 
To determine whether the gtd mutation resulted from a 
large genomic alteration in the Fas/ gene, digests of geno- 
mic DNA isolated from C3H/HeJ and the coisogenicC3H/ 
HeJgfcf (C3H.gtt) strain mice were compared. Genomic 
rjk*srMDNAscutwim19c^ 

endonucleases and six different 4 base cutting restriction 
endonucleases were hybridized with Fes/ gene probes. 
No differences in band sizes were observed with either 
the 5' or 3* probes described in Figure 2B, excluding 
the possibility that any large deletion, insertion, or re- 
arrangement was present in the Fas/ gene gki mice (data 
not shown). 

To determine whether the Fas/ gene was expressed 
in gkS T cells. aJlospedfic CTL of C578U6SnJ (B6), 
B6-MrU*ar {B$Jp\ and 86.SMN.C3HgW (B6.ytt) origin 
were stimulated tor 2 hr with phorbol ester and caJckjm 
kmophore, and the eel populations were evaluated tor cefl 
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Ryui«3. Analysis ol Fas/ Expression in T CeBs from B6. BGJpr. and 
B6.pJtfMice 

<A) FACS analysis ol eel surface Fast expression on aJtoreactive T 
ce«solC578U6J(B6). G6Jpr. and B6.pW origin that had been stimu- 
lated lor 2 hr with phorbol esttr and calcium ionophore. Cells were 
stained with huTNFR(peo%Fc or muFas-Fc fusion proteins (as IndK 
cated) to detect eel surface TNF or Fast (sotid Ines). Aficjjots o* cete 
were also stained with hufUFLFc as a negative control (dotted Ones). 
(B) Northern Mot analysis of Fas/. RNA was extracted from an aliquot 
of the B6, B64ar. and Bfi.oWT eels evaluated tor Fast expression in 
(A4. GryceraJdertyde 3-phosphate dehydrogenase (GAPOH) was used 
as a control for RMA loading. Positions of 18S and 28S RNA are ind* 


(C) Northern blot analysis ol spleen and lymph node ceis from C3H/ 
HeJ and C3H^0* mice. Mouse elongation lector- 1 a was used as a 
control for RNA loadng. The position of 18S RNA ia indicated. 


surface FasL by flow cytometry and for Fast mRNA by 
Northern blot analysis. Although cells of afl three genetic 
backgrounds expressed ceB surface TNF as determined 
by binding of TNFRFc. only T cells of B$ and BQJpf origin 
expressed eel surface FasL capable of binding Fas.Fc 
(Figure 3A). However, Northern blot analysis demon- 
strated similar levels of Fas/ mRNA (as determined by den- 
sKometric comparison to control GAPOH mRNA expres- 
sion) and similar transcript sizes in RNA obtained from aB 
three populations of CTL (Figure 38). 

Expression of Fast mRNA was also detected in unstim- 
ulated spleen celts from C3H/HeJ and C3H.gtf mice. No 
transcripts of Fas/ were detected In RNA isolated from 
young C3H/HeJ or C3H.gW mice (Figure 3C). Interest- 
ingly, Fasl transcripts were detected in RNA Isolated from 
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Rejure4. Structure snd Functional Analysis ot the Fas/ Gene In Mice 
Homozygous for the gkS Mutation 

(A) The predicted structure of mouse Fes* CYT, cytoplasmic region: 
TM,tr»rtsrrwTibrar*reg«* 

sequences and deduced amino acid sequences of the C3H/HeJ. 
CatpM and rat Fasl genes at the atra of the imitation ani shown with 
the nucleotide and amino add changes depicted in bold. 

(B) The btotogicaJ activity of FesL- and Fast** waa tested by cocuttue- 
tng COS cefc that had been transfected with Fasf cOfUtromwOd-type 
or pldmtce with "Cr-labeled Jurkat ceti^efcheralof* or in If* presence 
of a Fas-specific MAb that specracaty InhWts Fas-roedUted lytic pro- 
cesses f^amsdefl at el^t 994). COS ceflstr^ 

served as a negative control. Northern blot enafysls of COS cetts 
-transfected with FasT and FesT* demonstrated similar levels of ex- 


24-weefcold C3H.gW mice, but not from wild-type mice. 
Simiar results were obtained with RNA isolated from 
lymph node cells from these mice. Whether the apparent 
increase In Fasl expression in lymphoid cete of older 
CSH.gtf mice is the resuH of an attempt to compensate 
for delects in the Fas pathway, or a secondary manifesta- 
tion of abnormal lymphocyte activation th the course of 
the autoimmune disease process, is not known at this time. 

To identify possible genetic atterattoos responsible for 
the cpd phenotype. the sequence of PCfVgenerated Fas/ 
clones from C3H.gW were compared with cONA clones 
from boih C3H/HeJ and the original C57BU10J Isolate. 
A single nucleotide difference, a change of a T to C at 
nucleotide position 847, was detected (Figure 4A). This 
mutation results in the replacement of a leucine for a phe- 
nylalanine resid ue 7 amino acids from the COOH terminus 
of this type II transmembrane protein. To determine 
whether this single amino acid substitution was the basis 
lor the failure of FasP" either to be expressed on the cell 
surface or to induce apoptosis in Fas-expressing target 
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cells COSce«sweretransfectedwimf«s/cONAof either 
wOd-type of gid origin and tested for Fasl expression by 
measuring their capacity to bind a soluble Fas.Fc fusion 
protein as well as their ability to induce tysis of Fas- 
expressing target cells in a "Cr release assay. COS cefls 
transfected with Fast from wild-type mice bound a soluble 
Fas.Fc. whereas no binding of Fas.Fc was detected on 
COS cells transfected with Fasl of gtd origin (data not 
shown). In addition. COS cells transfected with Fasl cONA 
from wilcMype mice caused tysis of Jurkat target ceils, 
and this lysis was specifically inhibited by addition of a 
neutralizing Fas-specific MAb (Figure 48). In contrast, no 
lysis of Jurkat target cells was detected using COS cells 
transfected with Fasl cONA from gki mice. These data 
indicate that the single base change In the Fast* gene 
alters the functional properties of the figand. 

Discussion 

The cloning of the mouse Fasl gene described here likely 
represents the single mouse homotog of the rat Fasl de- 
scribed by Suda et a!. (Suda et al., 1933)- The high degree 
of both nucleotide and amino acid Identity make it u ntikery 
that the gene described In this report is a related family 
member. High stringency Southern blot analysis also sup- 
ports a single copy gene with no obvious pseudogenes. 
Finally, the fact that expression of this gene In COS cells 
induces Fas-mediated apoptosis of target cells at high lev- 
els, and that the target cell lysis was completely inhibited 
by inclusion of a Fas-specific MAb. confirm that this gene 
encodes a mouse FasL 

An Important aspect of the chromosomal mapping stud- 
ies was the observation that the mouse Fasl and Ox4Qt 
loci were very tightly finked (1 crossover in 567 mekrtic 
events). The tight linkage of these two TNF family mem- 
bers suggests that a complex of TNF family Bgands located 
on mouse chromosome 1. similar to that previously ob- 
served with the TNF. rymphotowrva (LTa). and LTp genes 
on mouse chromosome 17 (Browning et al.. 1991. 1993). 
The dose physical relationship between the sequence- 
related TNF faroSy members on mouse chromosome 17. 
which are positionedwithin a relatively small (20 kb) geno- 
mic segment, raises the interesting possibility that the 
mouse chiomosome 1 segment sunounding the Fasi also 
contains additional TNF-fike genes. 

The possibility that ^represents a mutation in the Fasl 
gene and that gki and Ipr represent a receptor-ligand pair 
is supported by both previous functional studies of 
rymphoid cells in gM and Ipr animals (Aflen et al.. 1990; 
Ettinger et aL. 1993; RamsdeB et al.. 1994; Sobel et aL. 
1993) and structural studies indicating that the figand tor 
Fas represents a member of the TNF family of molecules 
(Suda et at., 1993; Watanabe-Fukunaga et al, 1 992; Wat- 
son et at. 1 992b). This report provides both genetic and 
functional evidence that the gfd mutation is in the Fast 
gene, because it maps to the 0.36 cM/400 kb interval of 
mouse chromosome 1 that contains the gld mutation. The 
structural and functional studies of the cloned mouse Fasl 
gene Indicate that me gtd mutation in the Fasl gene, a 
single nucleotide change that results In the change of a 


single amino acid in the carboxy-terminal portion of the 
molecule, profoundly affects cefl surface expression, the 
ability of Fast to bind Fas functionally, or both. The result 
of this failure appears to be a deregulation of immune 
responses that leads to the generation of a systemic auto- 
immune disease process. 

Experimental Procedure* 

Experimental Anlrnala 

CSTBLfcSoJ (B6). B8.Mfll*r (B6^. B6-SMN-C3HgW(B6.g*d).C3H/ 

KeJ.andC3H/HeJo<d(Cmc^r^ 

Laboratories. Bar Harbor. Maine. 

Chromosomal Mapping of the F «/ Cne In flCSWMW^W * 
Mua apretua] Ft * C3H/HaJ*M) bitenapacfflc 
Bacaoroee Idea 

C3H/HeJ-oW and Mus apretua (Spain) parental rnlce and flC3H/HeJ- 
0d x Musspretus|F1 x C3H/He*o*ft toterspeeftc Dacfcooss nsce 
were bred and pWphenotype poa*fce ^^^^^^T. 
type rteoailva (rxesurnptive gkS+) selected based ^ ^^•na^ 
lymph node 

s^c^s^pravkx-ty described (Satan al al. 1888). DNA was 
isrfateo\dH)aatedw!thn*str^ 

0 9% agarose geta. transferred to nyton ^^^^^ 
hybridized at 65*C. and washed as previously described (Sdclnet 
•J 1968). The reference genetic markers on mouse chiornosome 1 
used far chromosomal mapping studies were antitrwmbin 3 
.nortymoua DMA markers (DfSaW. OJSaffO. and OTSrfin and 
L-eefectln (Safl) (Hunter et al. 1993; Sekfln et al.. 1988; Watson etaK, 
1992a). The OfSeft 2 marts* was derived by endctone rjea^w 
a mouse yeast artificial chromosome (YAC M4-1.gid). For Of Sat! 2. 
PvuJI RF1P distlngulahed C3H/HeJ>rf P-S kt* and Mus 
kbHJerived chnxne^ome aegments. Afl probes were »* 
hexanudeotlde random priming ta<*ir»o« (Fa4nba#g andVogalstain, 
1983. 1984) with amdCTP. AdcWonaf rnotocutar typing was par- 
hxmed using microsateOiU markers (Of U*f OS. DMttTOT. OfAttf 08) 
obtained from Research Genetics. HuntsvWe. Alabama, and typed 
ectordtng to the methods cf Dietrich at eL The atees ol emplh>d frag- 
ments. 01**106 |XX»VMaJ^. 118 bp; Mus apretus. W™<™ 
(C3H/HeJ>rf. 108 bp; Mua apretus 94) and DiMltlOB (C3H/He>g*J. 
- 148; Musspratus 155) were used to type backcrosa mica. 

• Northern Blot AnaJysla 

Northern blots were prepared by alactror^aslsollOagof^ oaito. 

lar RNA through a 1.1* agaiose-lonnaMehyoe gel and blotting to 

nyton rnernbrane. The Northern biota wera fiybridbed wtth an ant> 

s^^asfribopro^ap^ifllng 

at high stringency tU2x SSC. 0.1% SOS at €3*Q. 

Sec^n^narysls was pertormed according to the protocob of the 
rrumifacturer using an Appied Btosystams 373A «*"«**J£ 
quencer and ftoorescelnated dye ^^^^^^^ 
oda (AH. Foster City. California). Both atrands of PCMm ^^ 
platas ware secfuenced, and multiple fadependent PCR arapMons 
were analyzed to avoid Teq polymerase •*^J~ 
o^ance analyses, Indu^hwno^ 
the Wisconsin GCQ software package. 

Cooatrucflon end Production o! muFae.Fc 

and huTNFR(pW).Fc Fualoo Proteins ^ w . 

A soluble mouse Fe*Fc (nwFes.FO fasten protein ^oortstrurted 
by rtaatong the axtracelMa/ cfamamofthemouseFaspn^to*eFc 
n^gion^manlmr^ 
tn^isfer vector (PruvWre^ San 

domain of mouse Fas wee obtained by PC* ampiflca**, ualng as 
a template cONA^ynthesizod RNAbc*aiadtomarrtouseT cai 
ctone designated 7C2. Tha vectot was colnjnsfer^wttBacuk^old 
Uoeadu^ Baculovirus ONA(phart^^ 
were selected. Spodoptera Irugiperda 21 eels wi 
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combinam virus at * rnuftjpficity of 1 and supernatants containing the 
muFas.Fc fusion protein harvested 4 day* later. The muFas.Fc fusion 
protein was purified from clarified aupematants by affinity chromotog- 
rtphy using a protein A-Affioei column (Woftad. Wclwwnd. CaBtor- 
n U). Thi soluble human TNFfl(p60) J=c fusion protein was similarly 
constructed, expressed, and purified, as prewousfy described (MoWer 
at aJ.. 1993). 

Indirect Staining with muFas.Fc for Flow Cytometric Analysis 
Ceas to be evaluated tor expression of Fast were first incubated « 
FACS buffer containing 1% normal mouse serum. SO pp/mf purified 
rat anti-mouse FcFtyH (2.4G2) to block Fc receptors aJidmWnUzenon- 
specific staining, end Q-0!<H.NaN, (5 x tOC ceOs per wefi in a 96-weH 
rwcrotrter plate) at 4*C in a total volume of 20 eJ. Cefb were then 
sequentially incubated with the indicated fusion protein, biotinyfated 
mouse anti-hutgG, (Fc^spedfic; Jackson laboratories. West Grove. 
Pennsylvania), and strepUvkSn-^mycoerythnri (Tago, Burfingeme. 
California). After the final wash, cells were resuspended in 03 ml 
FACS buffer containinfl 10 ng/rrt pro 

performed using a FACScan (Becton Okddnsrin) and dale collected on 
1 x 10* viable cells were analyzed using LYSYS « software. 

Cytotoxicity Assay 

An overnight *K> release assay was used to measure ce« lysto iwJuced 
byFesLlnt>rJef.seftaJdftutionsofC^ 

with cONA from wikMype (C3H/HeJ) Fas/ or mutant fC3H.g*i) Fesf 

were prepared in e 9*weH microliter plate . •Wabeled Jurkat target 

ceRs (5O00) were added to 100 pi of medkan. After wrerrrfp^ culture 

«t37^,plateswerecer<rifug*d(150xgkx^ 

harvested using a Skatron SCS harvesting system (Skatron, Storing. 

VlrgWel. ^ cxxitorx of sooem 

medic ME Plus gamma oounler fMicromeolcs. Huntsv»e. ^• I * > ®**®*^ 
Percent specmc^content of supemetantswasceJcutetedaccordk^ 
tothe formula: 100 x <[<%tmto»€A* cpmHsP"**"* 0 " 3 cpmiyUmex- 
tmum cpmH»PO nt * n » ou » com]), where spontaneous core - com 
released in medium atone and maximum com - com released in the 
presence of IN HCJ. 
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Note Addad In Proof 

Subsequent to the submission of thla manuscript, an Wutependent 
r^ort by Tafcahashi at al. (Ce« 76. 969-976) haa also shown inat the 
gfd mouse contains a single basa perrrtutation in Fas*. 
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